Development of boronized duplex stainless steel mini gear through superplastic deformation / Hassanuddin Ismail by Hassanuddin, Ismail
i 
 
 
 
 
DEVELOPMENT OF BORONIZED DUPLEX STAINLESS STEEL 
MINI GEAR THROUGH SUPERPLASTIC DEFORMATION 
 
 
 
 
 
HASSANUDDIN BIN ISMAIL 
 
 
 
 
 
DISSERTATION SUBMITTED IN PARTIAL FULFILLMENT OF 
THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF ENGINEERING SCIENCE 
 
 
 
 
 
FACULTY OF ENGINEERING 
UNIVERSITY OF MALAYA 
KUALA LUMPUR 
 
 
2013 
 
ii 
UNIVERSITY OF MALAYA 
ORIGINAL LITERARY WORK DECLARATION 
Name of Candidate: HASSANUDDIN BIN ISMAIL 
I.C. No.:   
Matric No.: KGG090003 
Name of Degree: MASTER OF ENGINEERING 
Title of Dissertation (“this Work”): 
DEVELOPMENT OF BORONIZED DUPLEX STAINLESS STEEL MINI GEAR THROUGH 
SUPERPLASTIC DEFORMATION  
Field of Study: ADVANCED MATERIALS 
 I do solemnly and sincerely declare that: 
(1) I am the sole author/writer of this Work; 
(2) This Work is original; 
(3) Any use of any work in which copyright exists was done by way of fair dealing and for 
permitted purposes and any excerpt or extract from, of reference to or reproduction 
of any copyright work has been disclosed expressly and sufficiently and the title of the 
Work and its authorship have been acknowledged in this Work; 
(4) I do not have any actual knowledge nor ought I reasonably to know that the making of 
this work constitutes an infringement of any copyright work; 
(5) I hereby assign all and every rights in the copyright to this Work to the University of 
Malaya (“UM”), who henceforth shall be owner of the copyright in this work 
prohibited without the written consent of UM having been first had and obtained; 
(6) I am fully aware that if in the course of making this Work I have infringed any copyright 
whether intentionally or otherwise, I may be subject to legal action or any other action 
as may be determined by UM. 
Candidate’s Signature Date 
Subscribed and solemnly declared before, 
Witness’s Signature Date 
Name: 
Designation: 
iii 
ABSTRACT 
In this work, formation of mini gear with superplastic deformation on boronized duplex 
stainless steel (DSS) was studied through the employment of these quantifying factors, 
i.e. strains and strain rates. As received DSS specimen was thermo-mechanically treated 
by heating up to 1537K, holding for one hour, followed by water quenching and then 
cold rolled to a plate through a reduction area of 75%. Boronizing process was carried 
out at 1223K for 6 hours, thereafter successfully created surface hardness of 2253HV 
and 40µm thickness of boronized layer on the DSS. The specimen was then 
superplastically deformed into a mini gear at 1223K. Result shows surface integrity of 
the boronized layer deformed at 6 x 10-5 s-1 strain rate and 0.4 mm/mm strain was
maintained. As the study progressed, boronized layer demonstrated failure to withstand 
the increased load when deformed at 1x 10-4 s-1 strain rate. At 6 x 10-5 s-1 strain rate and
1.0 mm/mm strain, the surface disintegrity was associated to high strain factor. 
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ABSTRAK 
 
Di dalam kerja ini, pembentukan gear mini dengan ubah bentuk superplastik ke atas 
keluli kalis karat terboron (DSS) telah dikaji dengan menggabungkan beberapa faktor 
pembolehubah iaitu terikan dan kadar terikan. Spesimen DSS yang diterima telah 
dirawat secara thermo-mekanikal dengan memanaskannya hingga ke 1537K, dibiar 
selama satu jam, diikuti dengan lindapkejut air dan dicanai dingin kepada kepingan 
dengan pengurangan sebanyak 75% dari luas asal. Proses pemboronan dilakukan pada 
1223K selama 6 jam yang mana berjaya menghasilkan kekerasan permukaan sebanyak 
2253 HV dan ketebalan lapisan terboron 40 µm di lapisan permukaan DSS. Spesimen 
kemudiannya diubah bentuk secara superplastik kepada gear mini pada 1223K. 
Keputusan menunjukkan integriti permukaan lapisan terboron yang diubah bentuk pada 
kadar terikan 6 x 10-5 s-1 dan terikan 0.4 mm/mm dapat di pertahankan. Dalam kajian 
ini, lapisan terboron gagal menahan peningkatan beban pada kadar terikan 1x 10-4 s-1. 
Pada kadar terikan 6 x 10-5 s-1 dan terikan 1.0 mm/mm, disintegriti permukaan adalah 
berkaitan dari faktor terikan yang tinggi. 
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